INTRODUCTION
Vashegyite (theoretical formula: Al 11 (PO 4 ) 9 (OH) 6 ·38H 2 O) was reported for the first time in nature from the oxidation zone of the siderite-ankerite deposit from Vashegy (currently known as Zeleznik in Slovakia) (Zimanyi, 1909) . A few years later, it was discovered in altered slates at Gem Mine (Manhattan, Nevada) (Clinton, 1929) . Later, vashegyite was documented from a variety of non-cave environments in Austria, Belgium, Brazil, the Czech Republic, Germany, Hungary, Italy, Slovakia, the U.S.A., and Antarctica (Bannister & Hutchinson, 1947; Hausen, 1962; Frondel et al., 1968; Milton et al., 1982; van Tassel, 1985; Barczuk & Tatur, 2003; Atencio et al., 2005) . Over the last 20 years, there have also been a number of studies that identified vashegyite in various cave environments from Albania, Australia, Germany, Japan, and the U.S.A. In most cases, vashegyite forms as a result of reactions between bat or bird guano (source of phosphorus) and floor clay or volcanic rocks (source of aluminium) (Kizaki, 1983; Kashima, 1988 Kashima, , 1993 Vennum et al., 1994; Rüger et al., 1995; Hill & Forti, 1997; Forti et al., 2000) .
The first detailed investigation of vashegyite from the type locality was undertaken by Koch & Sarudi (1963) . SEM and chemical analyses were performed on the sample, but these authors failed to recognize the crystallinity of the material, suggesting instead that the mineral was amorphous. The XRD studies carried out by McConnell (1974) Johan et al. (1983) . They were able to make use of both single-crystal and powder diffraction techniques to obtain the unit-cell dimensions, which they found to vary with water content. The physical properties, chemical analyses, SEM, thermal and infrared investigations added supplementary information that allowed Johan et al. (1983) to better characterize vashegyite.
The goal of this paper is to document vashegyite from a new occurrence and to establish the physical and chemical factors controlling its deposition. This is the only reported occurrence of vashegyite in Romania and, to our knowledge, the second in a European cave.
LOCATION AND OCCURRENCE
Gaura cu Muscă Cave is located in the southern most part of the Locvei Mountains, in the left slope of the Danube Gorge, about 12 km downstream of the city of Moldova Nouă (Fig. 1a) . The existence of the cave has been known for a long time as its entrance facing the Danube (Fig. 1d ) was fortified until early 1800.
The phosphate material obtained from Gaura cu Muscă Cave consists of dull (chalky) white irregular nodules up to 2.5 cm across. All samples are friable and usually covered by a millimeter-size sandy clay film (Fig. 1c) . They were collected from a 15 cm thick sequence of organic and mineral sediments accumulated on the floor of the Bats Room (Fig. 1,  black dot) . The studied profile is located in the southern side of the above mentioned room and exhibits four main layers (Fig. 1b) . The upper 4 cm of this sequence (layer 1) consists of fresh guano. Measured pH value of the water extracted from this organic layer was 5.2; pH values of 5 and 6 were earlier reported by Negrea & Negrea (1979) . The second layer (2) corresponds to a highly phosphatized, light brown to ochre silty clay approximately 2 mm thick. The third layer (3) is a dark brown, organic-rich clay approximately 3 cm thick. The phosphatic material investigated is scattered throughout the whole upper part of the third layer (Fig. 1b) . The transition between layers 2 and 3 is gradual and their internal organization alike. Directly overlying the limestone bedrock (layer 5) there is a layer (4) of fossil guano of which the thickness varies between 1 and 1.5 cm. Crandallite and ardealite were identified within this horizon. A brown, thin (submillimetre) skin of carbonate hydroxylapatite overlies the limestone. Layer boundaries within this profile are clearly seen as their colours vary significantly.
Only a few months after we first sampled the cave, we found the original profile slightly altered by the cave stream. The upper two layers were partly removed and some more silt and clay was added over the third horizon during a flooding event. In some parts of the room, however, the sediment sequence remained intact.
ANALYTICAL RESULTS

Morphology and physical properties
Under SEM, vashegyite most commonly occurs as micrometric prismatic crystals arranged in the shape of sheafs. The crystals are flattened on (001); the forms recognized are {001}, {010}, and {110} ( Fig. 2a-d) . The habit can be described as tabular. The dimensions of a single plate ranges between 3 and 15 µm. SEM photomicrographs (Figs. 2a, b) , taken at two different magnifications, show the typical arrangements of the crystals. The mineral is dull white, with an earthy lustre and a white streak. The Mohs hardness is estimated to be between 1.5 and 2.5, the cleavage is along the crystal's elongation, the tenacity is weak, and the fracture is uneven.
X-ray and thermoanalytical data
Crystals of vashegyite were too small for single crystal investigation. The unit cell data were necessarily computed from X-ray powder diffraction data, recorded with a Philips X'pert MPD diffractometer using Cu-K α radiation generated at 40 kV and 30 mA. The instrument was calibrated using NBS 640b silica standard. Diffraction patterns were recorded from 2° to 72° 2θ in step scan mode using a 0.01° step size and a counting time of 3 s/step. A receiving slit of 0.2 mm was used. Peak positions were determined by fitting the numerical profiles with a Pearson VII function. The quality of the diffraction spectrum was rather poor (Fig. 3) given the nature of the mineral (rapid dehydration, deformation of cleavage planes, etc.). However, the orthorhombic unit-cell parameters of vashegyite, refined from 22 Table 1 . As a general observation, the measured Xray powder data are very close to those obtained for the vashegyite from Chvaletice (Johan et al., 1983) .
The thermal analysis of vashegyite was performed on 18.94 mg of the sample using a Mettler Toledo apparatus. The temperature ranged from 30 to 1000°C, under a constant flow of nitrogen (100 mL/min) and a heating rate of 5°C/min. The thermogravimetric (TG) and differential thermogravimetric (DTG) plots of vashegyite powders are shown in Fig. 4 . The DTG curve shows a triple step dehydration process. Examining the TG curve, it is evident that the water expulsion begins as soon as the temperature rises. The small endothermic effect recorded at 58°C on the DTG curve accounts for the release of residual water adsorbed on the powder surface. The major weight loss (35.9%) is located between 80 and 150°C. The marked endothermic effect with a maximum at 128°C indicates that the removal of the remaining molecular water was completed. In the temperature range ~800 to 1000°C, a weight loss of ca. 1% can be detected on the TG curve. This is reflected on the DTG curve by a broad, weak endothermic effect by the maximum at 860°C. A similar effect (at 883.5ºC) was observed by Forti et al. (2000) when investigating the vashegyite from Shpella e Zezë Cave in Albania.
The similarity of the thermal behaviour of our sample with those from Chvaletice and the Albanian cave was observed. Although Johan et al. (1983) discuss only two endothermic effects, their DTG spectrum (Fig. 2E , page 493) shows three peaks similar to ours. The only difference is that our peaks are slightly shifted towards lower temperatures. Furthermore, all three thermal analyses (Johan et al., 1983; Forti et al., 2000 , and the present study) identified between temperature range of 800 and 860°C an endothermic effect that probably is due to the expulsion of OH groups. The positions of the X atoms (centre of the tetrahedral group) are statistically occupied by P and Si atoms with a ratio of 8.78:0.056, which means that the P to Si substitution has no significance. 
Chemical composition
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Vibrational spectra
Fourier-transform infrared spectra were recorded from 4000 to 400 cm -1 using a Perkin-Elmer 1760X FT-IR spectrometer with 64 scans and a resolution of 2 cm -1 . Samples were prepared as KBr pellets with diameters of 13 mm. The FT-IR spectrum of the dull white vashegyite (Fig. 5 ) presents sharp and welldefined absorption bands that are comparable in position and relative intensity to bands in the spectra of the Chvaletice specimen (Johan et al., 1983 ) and other Al-phosphates (Ross, 1974; Socrates, 2001) . A list with all the bands and their tentative assignment is tabulated in Table 2 .
CONCLUSIONS
The analytical investigations presented above confirm the presence of vashegyite, a rather rare, orthorhombic, highly hydrated Al-phosphate in the Gaura cu Muscă Cave. The mineral has a tabular to flaky habit and perfect cleavage on (001), which indicates a sheet structure.
Results show that the chemical composition of vashegyite significantly varies from one sample to another (i.e., the amount of Al and P). Furthermore, some of the vashegyite samples we analyzed showed SiO 2 as high as 6 wt.%. The largest differences in the content of SiO 2 are found in those samples collected within the silty horizon. Values between 3 and 7 wt.% have also been reported by Kashima (1988) from various caves in Japan. The sequence of events producing the three phosphate minerals identified in the Bats Room is as follows: the precipitation of vashegyite is the result of the reaction between fresh guano P-rich solutions and aluminium derived from interbedded clay horizon. Its deposition takes place in slightly acidic conditions and under a perennially damp environment. In the lower part of the sequence, within the old guano layer, drier but still acidic conditions favoured the precipitation of ardealite. As the pH of the environment buffers near the limestone bedrock, slightly alkaline conditions allowed the deposition of crandallite.
